Coxsackie and adenovirus receptor (CAR) is essential for adenovirus infection to target cells, and its constitutive expression in various cancerous and normal tissues has been reported. Recently, the biological role of CAR in human cancers of several different origins has been investigated with respect to tumor progression, metastasis and tumorigenesis. However, its biological function in tumor cells remains controversial. Here we report the critical role of CAR in growth regulation of oral squamous cell carcinomas (SCCs) in vitro and in vivo via the specific interaction with Rho-associated protein kinase (ROCK). Loss of endogenous CAR expression by knockdown using specific small interfering RNA (siRNA) against CAR facilitates growth suppression of SCC cells due to cell dissociation, followed by apoptosis. The consequent morphological reaction was reminiscent of anoikis, rather than epithelialmesenchymal transition, and the dissociation of oral SCC cells was triggered not by lack of contact with extracellular matrix, but by loss of cell-to-cell contact caused by abnormal translocation of E-cadherin from surface membrane to cytoplasm. Immunoprecipitation assays of the CAR-transfected oral SCC cell line, HSC-2, with or without ROCK inhibitor (Y-27632) revealed that CAR directly associates with ROCKI and ROCKII, which results in inhibition of ROCK activity and contributes to maintenance of cellto-cell adhesion for their growth and survival. Based on these findings, in vivo behavior of CAR-downregulated HSC-2 cells from siRNA knockdown was compared with that of normally CAR-expressing cells in intraperitoneally xenografted mouse models. The mice engrafted with CAR siRNA-pretreated HSC-2 cells showed poor formation of metastatic foci in contrast to those implanted with the control siRNA-pretreated cells. Thus, CAR substantially has an impact on growth and survival of oral SCC cells as a negative regulator of ROCK in vitro and in vivo.
INTRODUCTION
Coxsackie and adenovirus receptor (CAR) was identified as a primary cellular receptor for adenoviral infection and has a crucial role not only for onset of infectious disease but also for adenovirus-mediated gene therapy. [1] [2] [3] As a cellular component, CAR is reported to be involved in formation of the epithelial tight junction and maintenance of the cytoskeletal structure of epithelial cells through association of cell-adhesion molecules or microtubules. 4, 5 Further investigations revealed that its endogenous expression in cancer cells of several different origins seemed to be related to tumor proliferation and metastasis, however, the biological function of CAR in these malignancies remains under debate. For example, loss or decline of endogenous CAR expression was observed in primary and/or metastatic colon, gastric, esophageal and bladder cancers. [6] [7] [8] [9] In addition, ectopically enforced expression of CAR on these CAR-negative cells caused growth suppression and decrease of metastasis, which was inversely corroborated by knockdown assay using CAR-specific small interfering RNA (siRNA). 6, 7, 10 In these cases, for example, overexpression of CAR was reported to induce Snail, which caused downregulation of integrins in melanoma cells, 10 or it upregulated p21 expression in bladder and prostate cancer cells. 11, 12 On the other hand, the opposite phenomena that lead to growth promotion were reported in some studies. In thyroid tumors, enhanced expression of CAR was prominently observed in thyroid carcinomas in comparison with benign thyroid tumors, which was significantly associated with larger tumor size. 13 Similarly, CAR expression was enhanced in invasive mammary gland adenocarcinomas raised from preneoplastic precursor lesions in vivo, and its expression was required for efficient tumorigenesis in lung cancer. 14, 15 It was also reported that the overexpression of CAR inhibits caspase3/7 activation triggered by TRAIL in colon cancer cells, 6 and CAR-overexpressing cells showed strong resistance against TRAIL-induced apoptosis, probably because of upregulation of apoptosis suppressors such as Bcl-2 or Bcl-XL in invasive adenocarcinomas. 14 With respect to concrete CAR-associated molecules, there have been only a few studies reported. ZO-1 and junctional adhesion molecule-like protein, for example, were identified as direct partners, suggesting that CAR has multiple roles-some yet to be identifiedin regulating cellular behavior via protein interactions. 4 , 16 Here we demonstrate that CAR is a novel binding partner of Rho-associated protein kinases (ROCKs), ROCKI and ROCKII, 17 and functions as a negative regulator to antagonize their activity, where suppression of CAR ultimately leads to apoptotic cell death, a process known as 'anoikis', in oral squamous cell carcinoma (SCC) cells.
RESULTS

Expression of CAR in human tumor cells with diverse origins
We first examined CAR expression in various human tumor cell lines with different origins by quantitative real-time RT-PCR ( Figure 1a ) and immunoblotting analyses (Figure 1b) . CAR mRNA was detected in all solid tumor lines, including carcinomas and sarcomas, however, its expression level was much lower in hematopoietic and brain malignancies. Among solid tumors, carcinomas such as HepG2, Lovo and HSC-3 are expressing comparable amount of CAR mRNA (Figure 1a) . In normal human dermal fibroblasts (NHDFs) and peripheral blood mononuclear cells, CAR signal was undetectable (Figure 1a ). This result was also confirmed by the protein expression analysis. CAR protein was prominently detected in HeLa, Lovo, HepG2, PANC-1, A549, HaCaT, HSC-2 and PK-8 cells, but barely detected in MKN-28 and MCF-7 cells, and absent in primary acute myelogenous leukemia (AML), T98 and NHDF cells (Figure 1b) . Because quantitative PCR and immunoblotting analyses simply detect the amount of CAR mRNA and protein expressions on these tumor cells, infectivity of adenovirus is considered to be useful to examine if CAR being expressed on these lines are biologically functional or not. Therefore, CAR function on these tumor cells was further assessed by infection with a green fluorescent protein (GFP)-expressing adenovirus vector (Ad-GFP), whose infectivity was essentially consistent with the expression profiles of CAR by quantitative reverse transcription PCR and immunoblotting (Figure 1c) siRNA against human CAR (siCAR). First, we examined whether application of siCAR could efficiently suppress the expression of endogenous CAR in all four squamous carcinoma cell lines, Hela, HSC-2, HSC-3 and Ca9-22, because they are expressing considerable amount of CAR mRNA (Figure 2a) . The validated siRNA, at a concentration of 10 nM, induced prominent detachment of these cells from the bottom of culture vessels, and they began to dissociate from each other, whereas control siRNA (siRNA with scrambled sequence of siCAR (siCont.)) yielded no such behavior in these cells (Figure 2b ). We next evaluated the cancer cells treated with siCAR in terms of their in vitro growth potential. We observed that CAR silencing greatly reduced cell proliferation and viability (Figure 2c ), leading eventually to apoptotic cell death as shown by increased annexin V positivity in the fluorescenceactivated cell sorting analysis (Figure 2d ). Cell morphology was characterized by a rounded shape, due to loss of cell-to-cell contact. A similar effect was observed not only in SCC cell lines but also in pancreatic and gastric adenocarcinoma cell lines, such as PK-8, PANC-1, and MKN-28 (Supplementary Figure S1a) . Taken together, our results suggest that the reaction triggered by siCAR is similar to 'anoikis', which is a type of apoptosis caused by detachment of epithelial cells from the extracellular matrices (ECMs) and/or by loss of cell-to-cell contact among neighboring cells. 16 It is also noted that normal human fibroblasts, NHDF cells, are negative for CAR expression and did not exhibit the phenomenon associated with siCAR treatment, suggesting that this phenomenon was specifically caused by targeting CAR mRNA (Supplementary Figure S1b) . siCAR inhibits anchorage-independent growth of HSC-2 cells To clarify whether the siCAR-mediated cellular phenomenon is actually anoikis, we further examined the influence of siCAR on anchorage-independent growth of oral SCC, HSC-2 cells, in vitro by measuring their colony forming ability. When the cells were cultured in agarose-coated dishes, keeping them in suspension, siCAR abolished colony formation (Figure 3a) , resulting in increased numbers of single cells (Figures 3a and b) along with sharply reduced cell proliferation and viability (Figure 3c ). Aggregated cells were still viable despite having lost contact with the agarose-coated dish; however, most of the dissociated (single) cells entered apoptosis during the culture period, suggesting that apoptosis was triggered by the loss of intercellular contact. This hypothesis was corroborated by assays using culture dishes coated with representative ECMs, typeI collagen, fibronectin and laminin for the siCAR-treated HSC-2 cells. None of the ECMs had any appreciable effect on rescue of the cell dissociation and inviability (Figures 3d and e) . Based on these results, we consider the cellular event caused by siCAR to be anoikis. siCAR induces intracellular translocation of E-cadherin Because the cell-to-cell and cell-to-ECM dissociation observed in the epithelial-mesenchymal transition (EMT) is primarily directed not to anoikis, but to the release of epithelial cells from the surrounding tissue for metastasis, we sought to elucidate the mechanistic distinction between EMT and the anoikis-related, siCAR-induced cellular dissociation. Accordingly, we investigated On the other hand, it was found that E-cadherin, as a celladhesion molecule, apparently translocated from the cell-surface membrane to cytoplasm in response to downregulation of CAR by the siRNA in both HSC-2 and HSC-3 cells, which is consistent with the loss of cellular contact observed in the siCAR-treated cells (Figure 4c ). Consistent with the translocation of E-cadherin, betacatenin also moved from cell surface to cytoplasm, and abnormal aggregation of actin filaments was observed in the siCAR-treated cells (Supplementary Figure S2) .
Effect of CAR downregulation on non-neoplastic counterpart cells
Because CAR is also expressed in normal human epithelial cells, 19 but not in non-neoplastic mesenchymal cells such as fibroblasts (NHDFs; Figures 1a and b) , we examined whether downregulation of CAR expression by siCAR significantly affects viability of normal human epidermal keratinocytes (NHEKs) as a normal counterpart of SCC. The NHEK cells were cultured in serum-free KG2 medium supplemented with 0.5 mg/ml of hydrocortisone, 10 mg/ml of insulin and 0.1 mg/ml of human EGF, adjusted to low Ca (0.03 mM), or in RPMI medium containing normal Ca (1.5 mM) with 10% fetal bovine serum, because the extracellular calcium and serum concentrations critically affect growth and differentiation of the cells. 20 Remarkably, the treatment with siCAR did not substantially affect cell proliferation and viability of NHEKs even with higher concentration of the siRNA (50 nM) under the both medium conditions (Figure 5a ), although endogenous CAR expression was abolished (Figure 5b ). The live cell images from phase contrast microscopy showed no morphological changes supporting anoikis by treatment with siCAR ( Figure 5c ). Moreover, the siRNA did not significantly alter functional localization of the E-cadherin at the cell membrane of NHEKs (Figure 5d ). This observation in NHEKs was consistent with both conditions between serum-free medium supplemented by EGF, hydrocortisone and insulin, and Roswell Park Memorial Institute containing 10% fetal bovine serum (Supplementary Figures S3a and b) . These results suggest that, unlike SCC cells, a representative nonneoplastic counterpart, NHEKs, showed resistance against CAR downregulation, although the precise mechanism remains unclear. ROCK is a novel intracellular binding partner of CAR To obtain the molecular details about the intracellular function of CAR on SCC cells, we focused on molecular events at the cytoplasmic domain of CAR. The possible adaptor proteins for CAR are still not fully elucidated. In our prior study, we found that 10 mM of a ROCK inhibitor (ROCKI: Y-27632) rescued siCAR-mediated anoikis to some extent ( Figure 6a ) and prevented E-cadherin cytoplasmic translocation in HCS2 cells (Figure 6b ). In addition, immunoprecipitates with the full-length CAR from the HSC-2 cell lysates showed kinase activity, allowing phosphorylation of a representative ROCK substrate, MYP1; this phosphorylation was completely inhibited in the presence of 10 mM of Y-27632 in in vitro assay (Figure 6c ). Because the cytoplasmic domain of CAR lacks any potential kinase domain, the phosphorylation is likely induced by ROCK. The immunoprecipitation using myc epitope-tagged CAR expressor, CAR-transfected HSC-2 cell lysates revealed coprecipitation of ROCKI and ROCKII with CAR, which demonstrates that ROCKI and ROCKII are novel binding partners for CAR in cytoplasm (Figure 6d ). When an excess amount of purified recombinant CAR protein was added to immunoprecipitated ROCKII obtained from HSC-2 cell lysates, kinase activity of ROCKII was abrogated by addition of CAR in a dose-dependent manner (Figure 6e ), indicating that CAR suppresses ROCK activity through direct binding. Based on these findings, we further examined ROCK expression in NHEK cells, insofar as the cells showed comparable resistance to siCAR-induced anoikis. Both ROCKI and ROCKII were poorly expressed in NHEK cells in comparison with those in some neoplastic cell lines, including HSC-2, PC-3 and Saos-2 ( Figure 6f ). Accordingly, ROCKII in NHEK cells showed only a faint kinase activity when the cells were treated with siCAR ( Figure 6g ). These results indicate that CAR is a critical suppressor of ROCK activity; specifically, downregulation of CAR induces ROCK activation, leading to cytoplasmic translocation of E-cadherin, following anoikis in SCC cells but not in NHEK cells as a normal counterpart.
CAR is a critical regulator of ROCK and inhibits ROCK-mediated apoptosis To demonstrate the negative regulation of the ROCK activity by CAR in cellular level, we performed transient transfection of the artificial CAR (N-terminal 6His-Myc-tagged CAR) and later magnetic cell isolation system using biotinylated Myc-tag antibody to purify CAR-overexpressed cells. According to this procedure, we succeeded to enrich the artificial CAR-overexpressed HSC-2 cells at a rate of 95-98% positivity without affecting cell viability (data not shown). The artificially expressed CAR protein upwardly shifted above the endogenous one because of fused Myc-tag and 6His-tag sequences (B2 kDa larger in size), which was expressed at extremely high level (85-fold in density to that derived from the endogenous CAR: Figure 7a ). Using this system, we evaluated intracellular ROCK activity in the enriched CAR-overexpressing HSC-2 cells. Because ROCK activity is positively regulated by RhoA, a small GTPase, 21, 22 we further Figure 7b ). Under the same condition as that in Figure 7b , we examined cleavages of caspase 8 and Bid on these cells because induction of these apoptotic molecules is widely accepted as a specific molecular event in the process of anoikis. 23, 24 Consequently, cleaved form of these molecules were detected when the RhoA-ROCK axis was constitutively activated, however, these events were completely abolished in the CARoverexpressing cells as in the case treated with ROCK inhibitor (Figure 7c) . Furthermore, immunofluorescence using fluorescein isothiocyanate (FITC)-annexin V revealed that overexpression of CAR prevented cells from apoptosis caused by sustained activation of RhoA-ROCK signaling (Figures 7d and e) . Taking these together, it was indicated that CAR is a negative regulator for ROCK, which prevents RhoA-ROCK-mediated apoptotic cell death via specific interaction with ROCK in SCC cells.
Phospho
Effect of CAR downregulation in tumor metastasis in vivo
To assess the significance of CAR expression on cancer cells in vivo, ectopic-xenograft mice models with intraperitoneal injections of GFP-expressing HSC-2 cells (GFP-HSC-2) were examined for their cellular behavior. We thus compared the distribution of intraperitoneally developed tumor (peritoneal metastasis) in vivo between the siCAR-pretreated and the scrambled siRNA (siCont.)-pretreated GFP-HSC-2 cells. Each group of cells were cultured for 12 h after siRNA introduction and then collected, and mice were inoculated with these cells for the indicated periods. At this time point, the siCAR-introduced cells, as well as the siCont.-introduced cells, well maintained their viability and continued growing (Supplementary Figure S4) . The in vivo study using the ectopic oral carcinoma cell-xenografted mouse models resulted in a robust inhibition of tumor colonization, subsequent outgrowth and peritoneal dissemination of the siCAR-pretreated cancer cells, in contrast to the scrambled siRNA-treated cells, both at 21 days and 35 days post implantation (Figure 8a ). Thus, CAR signaling is implicated in the progression of SCC cells via inhibition of anoikis in vivo.
Based on these findings, we next immunohistochemically examined the expression of CAR in surgically excised tumor samples from the patients with lingual, pharyngeal and laryngeal SCCs. As shown in the figures, CAR was abundantly expressed at the junction regions of tumor cells, yielding cancer nests in welldifferentiated SCC (Figure 7b ). In the case of poorly differentiated SCCs, CAR was similarly detectable at the cellular membrane of the tumor cells, which formed small invasive or metastatic nests, indicating that they essentially retain CAR expression in their development (Figure 8b ). This observation was also consistent with vascular invasive foci of the cancer as a small nest, whereas CAR staining was only faintly positive in basal epithelial cells of the normal squamous layer (Figure 8b) . The results from histological examination imply that CAR expression along with functional membrane localization may still be required for invasion and distant metastasis of the SCCs in vivo.
DISCUSSION
Several lines of evidence indicate that CAR has essential roles not only in adenovirus infection but also in a wide variety of cellular processes, such as cell survival, apoptosis, 6,12,25 adhesion 4,26 and migration. 5, 10, 27 Despite these pivotal, and sometimes controversial, functions, molecular events just downstream of CAR remain unknown. In this study, we focused on the function of endogenously expressing CAR and revealed its relationship with anoikis in SCC cells via specific interaction with ROCK, whose activity is critically regulated by CAR.
E-cadherin is now widely accepted to be a key regulator for cellto-cell contact through modulating the structural network of the actin cytoskeleton. 28, 29 Its function was dependent on not only an expression level but also subcellular localization. From this point of view, we found that the downregulation of endogenous CAR induced cytoplasmic translocation of E-cadherin from the cellular junctions, which is distinct from EMT ( Figure 4 ). This implies that siCAR-mediated cell dissociation might be caused by functional impairment of a cellular junction via loss of E-cadherin, which triggers subsequent anoikis. Indeed, accumulated evidence from other studies support this notion, namely, that targeted expression of the dominant-negative form or application of neutralizing antibody against E-cadherin augments the frequency of anoikis in several cancer cells. 30, 31 Taken together, the results strongly indicate that CAR has a significant role in regulation of tumor cell survival through adhesion molecules such as E-cadherin.
The next important question is how CAR involves translocation of E-cadherin and subsequent anoikis. To address this issue, we consider the identification of intracellular binding partners with CAR to be essential. Although CAR was found to associate with several intracellular membrane and junction-associated PDZ scaffold proteins MAGI-1b, PICK and PSD-95, 32 MUPP-1 33 and LNX, 34 these proteins are likely not to be direct players in the anoikis signaling axis. Therefore, we tried to identify a possible adaptor molecule that binds to the cytoplasmic tail of CAR, which is expected to be critical for CAR-mediated intracellular events. The Rho-associated kinase, ROCK protein, was then found to associate with CAR. The ROCK regulates subcellular localization of E-cadherin through the modulation of the structural network of the actin cytoskeleton, cellular movement via interaction with myosin motor proteins, 17, 35, 36 and activates the intrinsic cell death pathway in dissociation-induced anoikis.
15,37 Indeed, we found that CAR inhibits the ROCK activity by direct association in vitro, and the presence of CAR helps maintain functional localization of E-cadherin (Figure 6 ), promoting cell survival and growth of HSC-2 cells, whereas hyperactivation of ROCK induces apoptosis on SCC cells. The ROCK family consists of at least two isoforms, ROCKI and ROCKII, that are differentially expressed in distinct cell types. 21 Insofar as NHEK cells, as non-neoplastic counterparts, were not seriously affected in their growth and viability by downregulation of CAR, ROCK expression underwent comparative analysis in NHEK cells. Expression of both ROCKI and ROCKII was detected in NHEKs, but was much lower than that found in malignant tumor lines, such as HSC-2, PC-3 and Saos-2 cells (Figure 6f) . Furthermore, the kinase activity was comparably low in NHEK cells as compared with HSC-2 cells (Figure 6g ). This may explain why NHEK cells were less sensitive to downregulation of CAR, whereas cancer cells were dramatically affected by it, through alteration of ROCK activity. Cancer cells seem to be more dependent on ROCK activity in their growth.
As was mentioned in the introdution, previous studies left much controversy about the biological function of CAR in malignant tumors. [6] [7] [8] [9] [10] [11] [12] [13] Here we demonstrated that the constitutive expression of CAR is required for cell growth and survival of SCC cells, inasmuch as loss of CAR triggered dissociation of the nested tumor cells, leading to anoikis through activation of the ROCK signaling pathway, as distinguished from EMT. Histological examination of tumor tissues from SCC patients revealed retention of CAR expression even in distant metastatic and vascular invasive foci consisted of small cancer nests, indicating a requirement for CAR expression in metastasis of cancers (Figure 8b ). However, its biological function may vary in tumor cells with diverse origins because of their differences in intracellular machinery affecting the CAR-interacting pathways.
Our study suggests that CAR is a critical regulator for growth, survival and metastasis, at least, in a certain lineage of cancers such as SCCs, through a direct interaction with Rho-associated kinases. Further analysis of this newly identified molecular connection between CAR and Rho-associated kinases should advance our understanding of cancer progression and offer promising therapeutic strategies for diverse cancers.
MATERIALS AND METHODS
Cells, chemicals and adenovirus
Human cancer cell lines used in the present study were as follows: HEK293T (embryonic kidney cell lines stably express the SV40 large T antigen; RIKEN BioResource Center, Tsukuba, Japan), HeLa (cervix adenocarcinoma cell line; ATCC, Rockville, MD, USA), Ca9-22 (oral SCC; Human Science Research Resources Bank, Japan), HSC-2, HSC-3 (oral SCC; Human Science Research Resources Bank), Lovo, WiDr (colon adenocarcinoma; ATCC), MKN-28 (gastric adenocarcinoma; ATCC), HepG2 (hepatoblastoma; ATCC), KYN-2 (hepatocellular carcinoma kindly provided by Dr Yano, Kurume University), PANC-1 (pancreatic adenocarcinoma; ATCC), PK-8 (pancreatic carcinoma cell line; Cell Resource Center for Biomedical Research, Tohoku University, Sendai, Japan), A549 (lung adenocarcinoma; ATCC), MCF-7 (mammary gland adenocarcinoma; ATCC), PC-3, LNCaP (prostate adenocarcinoma; ATCC), KPK-1 (renal clear cell carcinoma cell lines; Clonetics, San Diego, CA, USA), U2OS (osteosarcoma; ATCC), U-87MG, T98, A172 (glioblastoma; ATCC or kindly provided by Dr Natsume, Department of Neurosurgery, Nagoya University), Jurkat (T-cell leukemia; ATCC), MT-1 (adult T-cell leukemia/lymphoma; ATCC), K562 (chronic myelogenous leukemia; ATCC), Saos-2 (osteosarcoma; ATCC) and FL-18 (follicular lymphoma kindly provided by Dr Ohno, Takeda Hospital). 81B-Fb, an EMT-induced line derived from head and neck SCC line UMSCC81B, was kindly provided by Dr Maseki (Department of Otolaryngology, Head and Neck Surgery, Nagoya City University). 38 Primary acute myelogenous leukemia cells and the colonic cancer cells from patients with a respective tumor were purchased from Celprogen Inc. (San Pedro, CA, USA) by material transfer agreement with informed consent. Following the second-to-third subcultures, the resulting primary cells were utilized for the in vitro assays. The study using healthy volunteers' peripheral blood mononuclear cells was approved by the research ethics committees of Aichi Cancer Center.
Primary normal human keratinocytes (NHEK) were purchased from Kurabo Industries Ltd. (Neyagawa, Japan) with a material transfer agreement, and NHDFs were kindly provided by Hayashibara Biochemical Institute (Japan) with material transfer agreement.
ROCK inhibitor, Y-27632, and premade recombinant adenovirus expressing GFP (Ad-GFP) were purchased from Wako Pure Chemical Industries (Osaka, Japan) and Vector BioLabs (Philadelphia, PA, USA), respectively.
Real-time quantitative RT-PCR
Total RNA was extracted from prepared cells, converted to complementary DNA using an oligo (dT) primer and subjected to reverse transcriptase reaction (1 mg of total RNA as a template using Superscript III, Life Technologies, Invitrogen, Carlsbad, CA, USA) for performing quantitative real-time PCR. The forward and reverse primer sequences for CAR were as follows:
Forward Anchorage-independent growth in soft agar A soft agar assay was performed as described previously. 39 Briefly, growth in soft agar was measured in 35-mm diameter dishes containing a lower layer of 0.7% agar solution in Dulbecco's modified Eagle's medium (DMEM) with 10% FBS and overlaid with a 0.35% agar solution in the same growth medium, in which 1 Â 10 5 cells were resuspended. The soft agar was covered with the culture medium (Dulbecco's modified Eagle's medium containing 10% fetal bovine serum).
Immunoblotting analysis and immunoprecipitation
Western blot analysis was performed by conventional methods. Antibodies used were as follows: rabbit anti-human CAR (Sigma-Aldrich Co. LLC., St Louis, MO, USA), mouse anti-human E-cadherin (BD Biosciences), mouse anti-human vimentin, mouse anti-human fibronectin, rabbit anti-human beta-catenin (Abcam Plc, Cambridge, UK), rabbit anti-human Snail (Cell Signaling Technology, Beverly, MA, USA), mouse anti-Myc-tag (clone 9E11; ATCC), rabbit anti-GFP (Clontech, Mountain View, CA, USA), mouse anti-human ROCKI and ROCKII (Santa Cruz Biotechnology, Santa Cruz, CA, USA) and mouse anti-human beta-Actin antibody (Millipore Co., Billerica, MA, USA). The second antibody was horseradish peroxidase-conjugated anti-mouse or anti-rabbit IgG antibody (Zymax; Life Technologies Japan Ltd., Tokyo, Japan). Positive signals were detected by a chemiluminescence system (SuperSinal West Pico substrate; Thermo Fisher Scientific Inc.).
Monoclonal Anti-His tag (clone 2D8; ATCC) and streptavidin agarose (Invitrogen, Carlsbad, CA, USA) were used for the co-immunoprecipitation experiments. Monoclonal anti-Myc-tag agarose (clone 1G4; MBL, Nagoya, Japan) was used to purify recombinant human CAR protein expressed in HEK293T cells (Figure 6e, left 
Plasmid constructs
To construct a mammalian expression vector, the CMV promoter-intron (CMVi) from the phCMV-FSR vector (Genlantis, San Diego, CA, USA) was inserted into the promoter-less pDNR-1r vector (Clontech Takara, Moutain View, CA, USA) and this was named pDNR-CMVi. The vector could efficiently express cargo cDNAs. Human cDNA encoding wild-type fulllength CAR was then inserted into the pDNR-CMVi vector. 41 The CAR was designed to be express as a C-terminal Myc-6His-tagged form. Transient transfection of the plasmid to cultured cells was performed using FuGENE-HD (Promega Biosciences, San Luis Obispo, CA, USA) for HEK293T and HSC-2.
ROCK activity assay
Before performing ROCK activity assay, goat anti-human ROCKII (Santa Cruz Biotechnology) was biotinylated using a Biotin Labeling Kit-SH (Dojindo Molecular Technologies, Rockville, MD, USA) to recover antibodyfree ROCKII protein after immunoprecipitation with streptavidin agarose (Figures 6e, right and g ).
In vitro ROCK activity assay was performed according to the protocol as reported elsewhere 42 but with slight modification. In brief, endogenous ROCKII was prepared by immunoprecipitation using the biotinylated ROCKII antibody prepared with streptavidin agarose from NHEK or HSC-2 cell lysates. The isolated ROCKII protein was mixed with 1 mg of recombinant MYPT1 (654-880 amino acid; Millipore, Billerica, MA, USA) as a substrate for ROCK, and the mixture was incubated in the kinase reaction buffer (1 mM DTT, 10 mM MgCl2, 5 mM Glycerol-2-Phsophate, 0.1 mM Na3VO4 and 25 mM Tris-HCl/pH 7.5) containing 0.2 mM ATP (total volume 50 ml) for 30 min at 30 1C with gentle agitation. The kinase reaction was stopped by adding 25 ml of 3Â SDS-PAGE Sample Buffer and subjected to SDS-PAGE. Phosphorylation of MYPT1 substrate was detected by rabbit anti-phospho (Thr696)-MYPT1 antibody (Cell Signaling Technology, Inc., Danvers, MA, USA).
Animal experiments
HSC-2 cells stably expressing GFP (GFP-HSC-2 cells) were newly cloned and used in animal experiments. The GFP-HSC-2 cells (0.6 Â 10 6 or 1 Â 10 6 cells) were implanted into the peritoneal cavity of female NOD-SCID mice at the age of 6 weeks (Charles River Laboratories Japan Inc., Yokohama, Japan). At two different time points (21 and 40 days), mice were autopsied and the distribution of the peritoneally disseminated tumors was macroscopically examined by fluorescence stereo microscope. The animal studies in the present work were approved by the Aichi Cancer Center on Animal Research. All mouse procedures and euthanasia, including cell transplantations, were done painlessly or under anesthesia, and within the strict guidelines of the Experimental Animal Committees of Aichi Cancer Center Research Institute.
Immunofluorescence staining
To visualize CAR and E-cadherin, cultured cells were fixed with 4% paraformaldehyde and washed with 0.1% Triton X-100 in phosphatebuffered saline. E-cadherin was stained with rabbit anti-CAR antibody (Priestige Antibody; Sigma-Aldrich Co. LLC.) and mouse anti-E-cadherin antibody (BD Biosciences) as primary antibodies, and further treated with FITC-conjugated goat anti-mouse IgG antibody and Cy3-conjugated goat anti-mouse IgG antibody (Jackson ImmunoResearch Laboratories Inc., West Grove, PA, USA) as secondary antibodies, respectively. Cell nuclei were counterstained with 4 0 , 6-diamidino-2-phenylindole. For the staining of actin filaments (F-actin), FITC-conjugated phalloidin (Molecular Probes Invitrogen, Carlsbad, CA, USA) was used. The fluorescent signals were detected by an Olympus IX71 fluorescence microscope and analyzed using cell Sens Standerd software (Olympus Corp., Tokyo, Japan). Cy3-labeled and FITC-labeled annexin V were purchased from BioVision Inc. (Milpitas, CA, USA). Briefly, 2 Â 105 cells were collected and incubated with 500 ml of the annexin V-binding buffer containing 3 ml of Cy3-labeled (or FITClabeled) annexin V for 5 min at room temperature. After washing with phosphate-buffered saline ( À ), they were subjected to fluorescence microscopic analysis.
Immunohistochemistry
Human oral, pharyngeal or laryngeal carcinoma tissues were fixed in 10% buffered formalin solution. Paraffin-embedded sections were deparaffinized, and antigen retrieval was performed by autocleaving (Pascal DakoCytomation S2800, Glostrup, Denmark) in sodium citrate buffer, and then endogenous peroxide activity was quenched by incubation in 3% hydrogen peroxide (Kanto Chemical Co., Inc., Tokyo, Japan) for 10 min at room temperature. Slides were incubated with rabbit anti-CAR antibody (at a dilution 1:500, Sigma-Aldrich) as a primary antibody overnight at 4 1C. After the slides were washed with 0.05% Tween-20 in phosphate-buffered saline ( À ), they were subjected to the DAB detection system (Envision þ Kit/horseradish peroxidase; Dako North America, Inc., Carpinteria, CA, USA). The study using the patient-derived tissues was approved by the research ethics committees of the Aichi Cancer Center. Informed consent was also obtained from each patient for use of these materials.
Statistical analysis
Data are expressed as means±s.d. We employed simple pair-wise comparison with Student's t-test (two-tailed distribution with two-sample equal variance). Po0.05 was considered significant.
